This paper uses a multicountry econometric model to estimate what the inflation costs would have been had German monetary policy reduced European unemployment in the 1982:1-1990:4 period. A "non-NAIRU" framework is proposed for thinking about these costs.
Introduction
If macroeconomic policies had lowered European unemployment in the 1980s, what would have been the inflation costs? Under the standard view of the long-run unemployment-inflation relationship, this is not an interesting question. The standard view is that there is a value of the unemployment rate (the NAIRU) below which the price level accelerates and above which the price level decelerates. This view is echoed, for example, in Unemployment: Choices for Europe, where Alogoskoufis et al. (1995, p. 124 ) state "We would not want to dissent from the view that there is no long-run trade-off between activity and inflation, so that macroeconomic policies by themselves can do little to secure a lasting reduction in unemployment." Under the standard view it is not sensible to talk about long-run trade-offs between unemployment and inflation.
The results in Fair (1997a Fair ( , 1997b , however, which are based on estimating price and wage equations for 28 countries, including 15 European countries, do not support the NAIRU model. They overwhelmingly reject the dynamics implied by the model. The results support the "level" form of the price and wage equations, where a permanent change in the unemployment rate has a long-run effect on the price level but not on the inflation rate (and not a fortiori on the change in the inflation rate). If these results are correct, they change the way one thinks about the trade-off between unemployment and inflation, and they make the question about macro policies and European unemployment an interesting one. This paper uses the multicountry econometric (MC) model in Fair (1994) , including the price and wage equations mentioned above, to estimate what would have happened to European unemployment and inflation in the 1982: :4 period had the Bundesbank followed an easier monetary policy than it in fact did. The MC model is outlined in Section 2, and the price and wage equations are presented and discussed in Section 3. The results of the experiment are then reported in Section 4.
If the NAIRU model is rejected, the new story about the price level and unemployment does not have to imply that unemployment can be driven close to zero with only a modest long-run effect on the price level. There may be (and seems likely to 2 be) a nonlinear relationship between the price level and unemployment at low values of unemployment, where pushing unemployment further and further below some low value results in larger and larger increases in the price level. This nonlinearity would in effect bound unemployment above a certain value. It will be seen in Section 3 that this nonlinearity is hard to estimate because there are not enough observations at low unemployment rates to provide good estimates. This paucity of observations argues against using estimated price and wage equations to predict what prices and wages would be at unemployment rates much lower than those that existed historically. Fortunately, this is not a problem for the present paper because the period considered here is one characterized by high unemployment rates. More will be said about this in the Conclusion.
The MC Model
There are 33 countries in the MC model. 1 There are 31 stochastic equations for the United States and up to 15 each for the other countries. The total number of stochastic equations is 328, and the total number of estimated coefficients is 1442. In addition, there are 1041 estimated trade-share equations. The total number of endogenous and exogenous variables, not counting the trade shares, is about 4000. Trade-share data were collected for 45 countries, and so the trade-share matrix is 45 × 45. 2 An updated version of this model has been used for the present work, and this version is presented on the website mentioned in the introductory footnote.
The On the demand side, there are estimated equations for consumption, fixed investment, inventory investment, and imports for each country. Consumption depends on income, wealth, and an interest rate. Fixed investment depends on output and an interest rate. Inventory investment depends on the level of sales and the lagged stock of inventories. The level of imports depends on income, wealth, the relative price of imported versus domestically produced goods, and an interest rate. The interest rate used for a given country and equation is either a short-term rate or a long-term rate, depending on which was more significant. The long-term rate is related to the short-term rate in each country through a standard term structure equation, where the long-term rate depends on the current value and lagged values of the short-term rate. A decrease in the short-term interest rate in a country leads to a decrease in 3 All the variables and equations in the model are presented in Appendices A and B of The MC Model Workbook on the website. All the coefficient estimates are presented in the "Chapter 5  Tables" and "Chapter 6 Tables" that follow There are estimated price and wage equations per country. The domestic price level in a country depends, among other things, on a measure of demand pressure (usually an output-gap variable) and the price of imports. These equations are presented in Section 3.
There is an estimated interest-rate reaction function for each country. The shortterm interest rate depends on inflation, demand pressure, and the balance of payments.
These are "leaning against the wind" equations of the monetary authorities. The monetary authorities are estimated to raise short-term interest rates in response to increases in inflation and demand pressure and decreases in the balance of payments.
The U.S. short-term interest rate is an explanatory variable in a number of the other countries' reaction functions. This means that the United States is assumed to play a leadership role in setting monetary policy. Also, the German short-term interest rate is an explanatory variable in a number of the other European countries' reaction functions.
There is an estimated exchange rate equation per country. For Germany and all the non-European countries, the dependent variable is the exchange rate vis-à-vis the U.S. dollar. For these countries, the exchange rate depends on the price level of the country relative to the U.S. price level and the short-term interest rate of the country relative to the U.S. interest rate. For the European countries except Germany, the dependent variable is the exchange rate vis-à-vis the mark. For these countries the exchange rate depends on the price level of the country relative to the German price level and the short-term interest rate of the country relative to the German interest rate.
There are also estimated equations explaining employment, the labor force of men, and the labor force of women per country. Employment depends on output and the amount of excess labor on hand. Labor force participation depends on the real wage and a labor market tightness variable designed to pick up discouraged worker effects.
In a given trade-share equation, the share of country i's total imports imported from country j depends on the price of country j 's exports relative to a price index of all the other countries' export prices. The trade-share equations are in U.S. dollars, and all export prices are converted to dollar prices using the exchange rates. The restriction that the sum of all exports equals the sum of all imports is imposed in the model.
There is a mixture of quarterly and annual data in the MC model. Quarterly equations are estimated for 14 countries (the first 14 in footnote 1), and annual equations are estimated for the remaining 19. However, all the trade-share equations are quarterly. There are quarterly data on all the variables that feed into the trade-share equations, namely the exchange rate, the local-currency price of exports, and the total value of imports per country. When the model is solved, the predicted annual values of these variables for the annual countries are converted to predicted quarterly values using a simple distribution assumption. The quarterly predicted values from the trade-share equations are converted to annual values by summation or averaging when this is needed.
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The Price and Wage Equations Empirical Specification
The theory that has guided the specification of the price and wage equations in this section was first presented in Fair (1974) , and more recent discussions are in Fair (1984, Chapter 3), Fair (1994, Chapter 2), and Fair (1997a) . The empirical specification of the price and wage equations is as follows:
p is the log of the price level, and w is the log of the wage rate. s is the log of the import price level minus p lagged once; it is a measure of relative import prices. D is some measure of demand pressure-the choices tried for D are discussed below. λ is the log of , where is an estimate of the potential level of output per worker. In the empirical work is estimated from peak-to-peak interpolations of output per worker.
The growth rate of is an estimate of the growth rate of potential productivity. The change in w − λ is the growth rate of the nominal wage rate less the growth rate of potential productivity. and µ are error terms.
The lagged price variable in equation (1) can be thought of as picking up expectational effects, the wage variable and the relative import price variable as picking up cost effects, and the demand variable as picking up demand effects. All these effects are in the theoretical specification mentioned above.
The time trend in equation (1) subtract from w t to adjust for potential productivity, then the time trend will absorb this error.
In the wage equation, equation (2), the wage rate is a function of the lagged wage rate, the current and lagged price level, the demand variable, and the time trend.
It is an equation in which the wage rate adjusts to the price level over time. When price and wage equations are specified, one has to be careful regarding what they imply about the determination of the real wage, which is w t − λ t − p t in the present notation. Solving equations (1) and (2) for w t − λ t − p t yields:
Unless the coefficient of w t−1 − λ t−1 equals the negative of the coefficient of p t−1 , equation (3) implies that in the long run the real wage depends on the level of p, which is not sensible. Consequently, the restriction that the two coefficients are equal in absolute value and of opposite signs is imposed in the estimation. The restriction on the structural coefficients is
The Demand Pressure Variable, D For the second output-gap variable, a potential output series was constructed by regressing, over the sample period, log Y t on a constant and t. The gap G t is then defined to be log Y t -log Y t , where log Y t is the predicted value from the regression.
The rest of the treatment is the same as for the first output-gap variable.
Two functional forms for the unemployment rate and two each for the output-gap variables yields 6 different variables to try. In addition, each variable was tried both unlagged and lagged once separately, giving 12 different variables. The searching was done using equation (1) Once the demand pressure variable was chosen, three further specification decisions were made. The first is whether w t − λ t or w t−1 − λ t−1 should be included in the final specification, the second is whether s t or s t−1 should be included, and the third is whether the autoregressive assumption about the error term should be retained. For each of the first two decisions the variable with the higher t-statistic was chosen provided its coefficient estimate was of the expected sign, and for the third decision the autoregressive assumption was retained if the autoregressive coefficient estimate was significant at the five percent level. If when tried separately both w t − λ t and w t−1 − λ t−1 had coefficient estimates of the wrong sign, neither was used, and similarly for s t and s t−1 .
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The same searching for the best demand pressure variable was done for the wage equation (2) as was done for the price equation. This searching was done without imposing the coefficient restriction in (4) and under the assumption of a first order autoregressive error term. Once the demand pressure variable was chosen, one further specification decision had to be made for the wage equation, namely whether the autoregressive assumption of the error term should be retained. The same decision criterion was used here as was used for the price equation.
The Estimates
The estimation technique was 2SLS for the quarterly countries and OLS for the annual countries. For 2SLS, the endogenous variables were taken to be p t , w t , D t , and s t .
The quality of the data varies across countries, and the results for the individual countries should not necessarily be weighted equally. In particular, the results for the countries with only annual data should probably be weighted less. Also, the wage data are probably not in general as good as the price data. The reason there are fewer countries with estimated wage equations than estimated price equations below is simply because of data limitations. The estimates of the final specification of the price equation are presented in Table 1 . 6 The table shows that of the 18 countries for which a demand pressure variable was used, 7 the functional form was linear for 10 of them. The chosen variable was the unemployment rate for 4 of them, the first output-gap variable for 8 of them, and the second output-gap variable for the remaining 6. There is thus no strong pattern here, although a slight edge for the linear form and the first output-gap variable. The good showing for the linear form shows the difficulty of estimating the point at which the relationship between the price level and demand becomes nonlinear. Also, although not shown in Table 1 , the fits of the equations tended not to be very sensitive to the use of alternative functional forms, such as those mentioned in footnote 4, and no clear winner emerged.
Of the 9 countries with no demand pressure variable in Table 1 , two of them-the Netherlands and the United Kingdom-have wage equations with demand pressure variables. For these two countries demand pressure affects prices by affecting wages, which affect prices. South Africa is the only quarterly country for which there are no demand pressure effects on the price level. The estimates of the final specification of the wage equation are presented in Table 2 . The coefficient restriction (4) was imposed for all these estimates. Of the 11 countries for which a demand pressure variable was used, the functional form was linear for 7 of them. The chosen variable was the unemployment rate for 4 of the 11 and the second output-gap variable for the other 7. There is thus an edge for the linear form and the second output-gap variable. The good showing for the linear form further shows the difficulty of estimating nonlinearities between demand pressure and price and wage levels.
Tests of the Equations
A key question about the specification of the price and wage equations in (1) and (2) is whether the true dynamics of the price and wage processes have been adequately captured. To examine this, various lagged values of the variables in the equations have been added to the equations and χ 2 tests of their joint significance performed.
The error terms have also been tested for fourth order serial correlation. The implicit expectations mechanism has been tested by adding the led value of the wage rate to the price equation and testing for its significance. This is one way of testing the rational expectations hypothesis. The coefficient restriction in (4) has been tested.
Finally, a stability test of the coefficients has been performed. The results of these Table 1 . γ 4 is expected to be negative when the linear form is used and positive when the nonlinear form is used. The sample periods are the same as those in Table 1. tests are presented in Fair (1997b) , and this discussion will not be repeated here.
The equations do fairly well in these tests. In particular, the extra lagged values are generally not significant, which is fairly strong support of the dynamics. If the equations had bad dynamics, one would expect the additional lagged values to be significant.
A Digression on the NAIRU Specification
It is of interest to see how the price and wage equations (1) and (2) compare to the NAIRU specification. Although there are many different versions of the NAIRU specification, the following equation encompasses most versions:
where π t is the rate of inflation (π t = p t − p t−1 , where p is the log of the price level), u t is the actual value of the unemployment rate, u * t is the NAIRU, s t is a supply shock variable, and ν t is the error term. In the simplest case where n is 1 and u * t is a constant, equation (5) is simply an equation with π t on the left hand side and a constant, u t , and s t on the right hand side. In many cases, however, n is taken to be greater than 1, and/or u * t is assumed to be something other than just a constant. Gordon (1997), for example, takes n to be 24 and assumes that u * t is time varying. The NAIRU equation in the influential book on European unemployment by Layard, Nickell, and Jackman (1991), equation (48) on page 379, has n equal to 1 and no variable s t , but it includes both u t and u t−1 and it has u * t a function of unemployment benefits, union power, and some tax rates.
To see how (1) and (2) compare to (5), the wage variable needs to be substituted out of (1). This is done by lagging (1) once, multiplying through by γ 1 , subtracting this expression from (1), and then using (2) to substitute out the wage rate. This yields:
How does (6) compare to (5)? If in (6) D is taken to be u, then both (5) and (6) include u t . In addition, (6) also includes u t−1 , but this is probably a minor difference. The main difference between (5) and (6) concerns the dynamics. Since π t = p t − p t−1 and n is greater than 0, (5) has more lagged price levels in it than does (6), but with the restriction that each price level is subtracted from the previous price level and the restriction that the δ i 's sum to one. The restriction that each price level is subtracted from the previous price level will be called the "first derivative" restriction, and the restriction that the δ i 's sum to one will be called the "second derivative" restriction.
The dynamics of (5) versus (6) can be tested by adding p t−1 and p t−2 to (5) and seeing if they are jointly significant. Since (6) implies that these variables belong in the equation, they should be significant according to (6) but not according to (5) .
Adding one of these variables breaks the second derivative restriction, and adding both breaks both the first and second derivative restrictions. This test was performed in Fair (1997a) for the United States and in Fair (1997b) for the other countries, and the results strongly reject the dynamics implied by (5) . p t−1 and p t−2 are generally highly significant when added to various versions of (5). The NAIRU dynamics are thus strongly rejected and in just the way that (6) suggests they should be.
The Experiment The Setup
The experiment is a decrease in the German short-term interest rate between 1982:1 and 1990:4. To perform this experiment the interest rate reaction function of the Bundesbank was dropped, and the German short-term interest rate was taken to be The difference between the predicted value for each variable for each period from this solution and its actual value is the estimated effect of the monetary-policy change on the variable. Selected results of this experiment are presented in Table 3 for 17 countries, 15 European countries plus the United States and Japan. 8 The rest of this section is a discussion of this table. Each fourth-quarter value is presented in Table   3 for the quarterly countries, while each annual value is presented for the annual countries.
The units in Table 3 require some explanation. The column labeled u a gives the actual value of the unemployment rate in percentage points, and the column labeled Table 3 .
Qualitative Discussion
Before looking at the numbers in Table 3 , it will be useful to review qualitatively what is likely to happen in the model in response to the decrease in the German interest rate. Consider first the effects of an interest rate decrease in a particular country.
A decrease in the short-term rate in a country leads to a decrease in the long-term rate through the term structure equation. A decrease in the short-term rate also leads to a depreciation of the country's currency (assuming that the interest rate decrease is relative to other countries' interest rates). The interest rate decreases lead to an increase in consumption, investment, and imports. The depreciation of the currency leads to an increase in exports. This effect on exports works through the trade-share equations. The dollar price of the country's exports that feeds into the trade-share equations is lower because of the depreciation, and this increases the share of the other countries' total imports imported from the particular country. The effect on aggregate demand in the country from the interest rate decrease is thus positive from the increase in consumption, investment, and exports and negative from the increase in imports. The net effect could thus go either way, but it is almost always positive.
There is also a positive effect on inflation. The depreciation leads to an increase in the price of imports, and this has a positive effect on the domestic price level through the price equation. In addition, if aggregate demand increases, this increases demand pressure, which has a positive effect on the domestic price level.
There are many other effects that follow from these, including effects back on the short-term interest rate itself through the interest rate reaction function, but these are typically second order in nature, especially in the short run. The main effects are as just described.
The decrease in the German interest rate should thus stimulate the German economy, depreciate the mark, and lead to a rise in German prices and wages. How much prices and wages rise depends, among other things, on the size of the coefficient estimates of the demand pressure variables in the price and wage equations and on the functional forms of the demand pressure variables. The size of the wage and price increases also depends on how much the mark depreciates and on the size of the coefficient estimate of the import price variable in the price equation.
For those European countries whose interest rate reaction functions include the German interest rate as an explanatory variable, the fall in the German rate will lead to a direct fall in their interest rates. In addition, the depreciation of the mark (relative to the dollar) will lead to a depreciation of the other European countries' currencies (relative to the dollar) because they are fairly closely tied to the mark in the short run through the exchange rate equations.
The Results
Turn now to the results in Table 3 . By the end of the nine-year period the German exchange rate relative to the dollar (e) had depreciated 4.07 percent, the price level (P ) was 2.14 percent higher, the inflation rate (π ) was .23 percentage points higher, and the unemployment rate (u) was .98 percentage points lower-all compared to the base case (the actual values). (An increase in e for a country is a depreciation of the country's currency relative to the dollar.) The balance of payments as a percent of GDP (S) was .39 percentage points lower: German imports (I M) rose more than German exports (EX), and German import prices (P M) rose more than German export prices (P X). The UK results are a little more complicated to explain. The pound initially depreciated relative to the dollar, but by less than did the mark. The pound thus appreciated relative to the mark (and other European currencies), and this appreciation was large enough to lead to a decrease in the overall UK import price index. This in turn had a negative effect on the UK domestic price level. The UK was thus in the envious position of having a lower price level and a lower unemployment rate.
UK export prices (P X) fell less than did UK import prices (P M), and this is the main reason for the increase in the UK balance of payments (S). The increase in the UK balance of payments is an increase in net UK foreign security and reserve 26 holdings, and this increase has a positive effect on consumption. This positive effect on consumption is the main reason for the increase in UK output. By the end of the period the UK price level is 0.84 percent lower, the inflation rate is .07 percentage points higher, and the unemployment rate is .32 percentage points lower.
The main effect on the US was a fall in the price of imports, caused by the appreciation of the dollar relative to the European currencies. This led to a slight fall in the US domestic price level and to an increase in US imports. The net effect on US output was small. Similarly, the Japanese price of imports fell, and there was a slight fall in the Japanese domestic price level.
The results for the remaining 11 European countries in Table 3 should be fairly self explanatory. The currencies depreciated relative to the dollar because they are closely tied to the mark, and these depreciations stimulated the economies. In addition, the interest rate in a number of countries fell in response to the fall in the German interest rate, and this was stimulative. Therefore, both prices and output rose in the countries.
Denmark is an outlier in the size of its exchange rate response, which suggests that the Denmark exchange rate equation may not be well specified.
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Conclusion
The following table helps bring together some of the main results in Are these estimated price level and inflation costs worth incurring for the resulting gains in output and decreases in unemployment? The answer to this depends, of course, on one's welfare function, but it seems likely, given the fairly small estimated costs, that many welfare functions would call for accepting the costs. In other words, many people are likely to agree that the Bundesbank should have been more expansionary in the 1980s based on these estimated price level and inflation costs.
Remember that these results are not governed by the NAIRU dynamics. It is not the case that an experiment like this will result in accelerating price levels, so there are no horrible events lurking beyond the 36-quarter horizon of the present experiment.
Whether one accepts this conclusion depends, of course, on whether one thinks the price and wage equations underlying it are any good. The tests in Fair (1997a Fair ( , 1997b ) strongly support the equations' dynamics and reject the NAIRU dynamics, and so I would argue that the current results should be taken seriously.
The results of estimating the price and wage equations do not, however, pin down the point at which the relationship between the price level and unemployment becomes highly nonlinear. Although the best fitting functional forms of the demand pressure variables were used for the results in Table 3 , other functional forms usually gave similar fits. As mentioned in the Introduction, this is not a problem for the present paper because the experiment is over a period in which unemployment was generally quite high, but it does mean that the MC model should not be pushed into values of the unemployment rate much lower than have been observed historically.
The main message for policy makers from the estimates of the price and wage equations and the tests of the NAIRU dynamics is that policy makers should not think there is some value of the unemployment rate below which the price level accelerates and above which it decelerates. They should think instead that the price level is a negative function of the unemployment rate (or other measure of demand slack),
where at some point the function begins to become highly nonlinear. How bold a policy maker is in pushing the unemployment rate into uncharted waters will depend on how fast he or she thinks the nonlinearity becomes severe. The results in Table 3 suggest that more pushing could have been done in Europe in the 1980s with fairly modest price level costs.
